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State-of-the-Industry for 
Trenchless Pipeline Construction

1. Trenchless Techniques Overview

i. Horizontal Directional Drilling – HDD

ii. Micro-Tunneling

iii. Direct Pipe®

iv. Jack & Bore and Other Guided-Bore Techniques

2. The School of Mud

1. Inadvertent Returns (Frac-Outs) of Drilling Muds



Horizontal Directional Drilling

• In use since early 1980s; significant improvements over time
• Three step method: pilot hole / reaming & conditioning / product pipe pullback
• Works with steel, PVC, DI, and HDPE materials; Typical diameters 2” to 60”
• Longest lengths exceed 8,000’ / Intersect method* > 12,000’
• Versatile - accurate steering & monitoring; vertical and horizontal curves
• Borepath length & geometry are controlled by product pipe properties & obstacle crossed
• Handles most geologic conditions except loose granular materials, karst, soft cohesive soils



HDD Drill Entry Side Layout

• Entry side requires area for staging equipment; 
usually a minimum of 100’x150’ is necessary for large HDD installations

• Key equipment: drilling machine, drill pipe, mud pump, fluid system and tank, 
power unit and controls, storage of bentonite mud, tools and spare parts, 
mud return pit

• Consideration should be given to maintaining access for semi-trucks 
and construction equipment; cranes and excavators will need 
to maneuver in the workspace



HDD Drill Exit Side Layout
• The drill exit side is where the product pipe will be fabricated and pulled into place
• Typical pipe stringing area = 50’; wide enough to allow pipe fabrication & testing
• Ideal length = long enough to fabricate the entire section of the HDD
• If space is limited, fabricate in sections and pull-back in series
• Mud pit is typically dug to catch drilling fluid returns
• Cranes & backhoes + guides typically used to position pipe for pullback
• Roller guides reduce friction during pullback



HDD Design Approach

• Engineered Design versus Contractor 
Design/Construct

• Engineered design needed when Owner 
competitively bids project - provides 
uniform bidding platform

• If Engineered Design, designer must 
transfer liability of HDD completion –
done by clauses in the Contract 
Documents

• Some Owners have a 
preferred driller – work 
with them on design 
and negotiate cost

• Pipe stress calculations 
for installation 
and operation



Subsurface Conditions

• Geotechnical investigation to determine 
subsurface conditions – key for 
construction risk and mitigation 
strategies

• Borings located at the entry and exit 
points + spaced along drill length

• Geologic survey should include: Soil 
Classification, Standard Penetration 
Test, Gradation Curves 

• In rock - survey should include cored 
samples with unconfined compressive 
strength,  Mohs Hardness, RQD,  
% Recovery

• Loose soils, running sands make 
borehole stability more difficult;
large cobbles and boulders can 
be show stoppers



DETROIT, MI WINSDOR, ON

Proposed 
Crossing

HDD Design Challenges

Detroit River 
Crossing
• New pipeline 

proposed  
under Detroit 
River

• Tie-in to 
existing U.S. 
valve station

• New valve 
station on 
Canadian side

The “Ideal” HDD: 
 Straight line from entry to exit
 Two vertical curves 
 Radius of curvature per industry guidelines
 Typical entry/exit angles:   8° - 16°
 Under all obstacles with adequate clearances



HDD Design Challenges

Detroit River Crossing
• Required to stay on one property
• Resulting alignment must have multiple horizontal & vertical curves
• Avoid structure foundations and salt cavern sink hole / buried building
• Limited pull-back work space will require 6 pipe sections



HDD Design Challenges

Winnipeg, Manitoba - CN Rail Grade Separation Project
• Relocate Two 8-Inch Oil Pipelines
• Tie-in to Valve Station & Down-stream Lines
• Coordinate Pipeline Relocation with Underpass Construction and Ancillary 

Improvements



HDD Design Challenges

Winnipeg, 
Manitoba -
CN Rail 
Grade 
Separation 
Project



Micro-tunneling
• Uses a remote controlled, steerable, 

micro tunnel boring machine (MTBM) 
with jacking for forward motion

• Requires launch and receive 
shafts/pits at required pipe depth

• Works with steel, DI, PVC, clay pipe; 
typical diameters from 24” to 96”

• Max length depends on geology -
range of 1,500’ to 2,000’ achieved

• Cutter faces for soft ground, mixed 
ground and rock, above and below 
water table

• Maintains pressure against soil face 
to prevent caving 

• Suitable for gravity pipelines 
requiring precise line and grade 
even in poor soil conditions



Direct Pipe®

• Combines the methods of 
micro-tunneling and HDD

• Uses a micro TBM to remove 
soil and steer

• Spoils and slurry removed via 
closed circuit lines laid in 
product pipe

• Pipe thruster works with 20” -
60” steel pipe; 5° – 15° angles

• Typical max length is 4,500’

• Single-step method for fast 
installation of piping

• Handles wide range of  
geologic materials including 
gravel/cobles

• Smaller space needs then HDD

Slurry Separation Plant

Pipe 
Thruster Micro 

TBM



Jack & Bore

• Widely used, reliable, relatively 
inexpensive method

• Requires launch and receive pits
at required pipe depth

• Spoils removed by auger bit 
inserted in casing pipe / product
pipe; hydraulically pushed-in from 
behind

• Works with steel pipes typically 6” 
to 60” diameter

• Typical max lengths to 400’ 
depending on soil conditions and
pipe size

• Can install casing pipe or 
product pipe

• Can be used in both granular and
cohesive soils; not applicable to 
rock



Other Guided Bore Techniques

• Various hybrid methods used by 
contractors

• Typically use a pilot bore followed by 
hole enlargement and pipe 
installation via push or pull methods

I-95 Crossing, Wilson, NC 
• Laney method using excavated trench  and 

suspended drill unit
• Product pipe pushed into hole behind auger 



The School of Mud – A Primer

• HDD requires large amounts of 
drilling mud during all phases

• Five Key Functions:
i. Remove drill cuttings from the 

hole

ii. Lubricate and cool the drill bit and 
assembly

iii. Stabilize the borehole and 
formation

iv. Transmit hydraulic energy to the 
bit

v. Suspend cuttings during static 
periods

TYPICAL MUD
COMPOSITION

water

Clay
6-20%

Densifiers, 
Thickeners

1-6%



The School of Mud – A Primer
• Drilling Mud Requirements:

i. Optimize one or more of the five key 
functions

ii. Enhance productivity by preventing:
o Slow drilling penetration rates

o Stuck pipe

o Lost mud circulation

• No universal fluid that works in all 
soil conditions; each crossing 
location requires compromises
i. Sand: unconsolidated formation 

requiring good cuttings suspension, 
lubrication and loss control

ii. Clay: consolidated formation requiring 
swelling inhibition and lubrication

iii. Rock: consolidated/unconsolidated 
formation requiring good cuttings 
suspension and lubricity



The School of Mud – A Primer

• Inadvertent Returns of Drilling Mud:
i. Drilling mud pumped downhole 

follows path of least resistance to 
the surface

ii. “Hydro-fracturing” or “frac-out”  
occurs to some degree on most 
crossings –direction/distance 
depends on subsurface

iii. Can occur as a result of: rock 
fractures, low density soils, poor 
bore path design

iv. Release to uplands

v. Discharge to wetland, stream, or 
lake - more problematic

vi. Non toxic, but can have physical 
impacts on waters

Queens Lake Dam, Williamsburg, VA



The School of Mud – A Primer

• Mitigation of Inadvertent Returns:
i. Pre-drill planning - gather 

adequate geotechnical data

ii. Select a good HDD design –
adequate depth, offsets, casings, 
etc.

iii. Quantitative methods to estimate 
potential for IR (Borehole stability 
PMAX, PMIN)

iv. Construction phase – contractor 
qualifications, full-time mud 
engineer, downhole pressure 
monitoring, etc.

v. Contingency plans in case – for 
monitoring during drilling and for 
spill response.
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